Objective: To evaluate the presence and extent of autonomic dysfunction in HIV infected individuals of one ethnic group. Design: Prospective, age-sex matched study. Methods: 25 patients (seven asymptomatic (HIV), eight AIDS related complex (ARC), 10 AIDS) and 25 controls were recruited from patients and staV at the Aga Khan Hospital, Nairobi. Autonomic function was assessed by measurement of pulse rate variability on standing, rest, deep breathing, Valsalva manoeuvre, isometric exercise, cold face test, and mental stress. Blood pressure was measured during standing, supine resting, and on Valsalva manoeuvre. CD4 count was correlated with number of abnormal test results. Results: 21 patients had at least one abnormal test of autonomic function compared with one control (p<0.0001). There were significant diVerences between AIDS patients and controls for supine heart rate (p<0.001), Valsalva ratio (p=0.05), and cold face test (p=0.05), and almost significant results for mental stress (p=0.051). Evidence of autonomic hypersensitivity was found in response to exercise and/or mental stress in some patients with HIV or ARC. No diVerence was found in blood pressure measurements. Abnormalities in autonomic function occurred at all CD4 counts and all patients with four abnormal tests of heart rate variation had a CD4 count less than 300 ×10 6 /l. Conclusions: There is evidence of substantial autonomic dysfunction in AIDS patients compared with controls and mild abnormalities in the majority of HIV infected patients studied irrespective of CD4 count. Autonomic hypersensitivity may precede loss of function in some cases. (Sex Transm Inf 1999;75:264-267) 
Introduction
Abnormalities of the autonomic nervous system in HIV infection were first brought to our attention by Craddock et al, 1 who described syncopal reactions in four out of five AIDS patients (one of whom died), as a result of fine needle aspirations of the lung. These were reminiscent of typical vasovagal reactions, and the cardiorespiratory arrests following invasive procedures such as general and epidural anaesthesia, 2 which are a recognised complication of diabetic autonomic neuropathy. Autonomic tests on five patients showed abnormalities in at least two out of the three heart rate tests 1 suggesting that HIV infection may be associated with an autonomic neuropathy, exposing patients to risk following invasive procedures.
Despite the possible significance of these findings, and the suggestion by others of autonomic dysfunction in HIV infection, [3] [4] [5] [6] little research has been undertaken on this topic. The studies which have been done to date have concentrated on HIV individuals who are homosexual, injecting drug users, or haemophiliacs. They have not been age and sex matched, nor have they controlled for ethnicity of patients, despite the fact that there appear to be significant diVerences in autonomic function between ethnic groups. 7 No study of which we are aware has been performed on those who predominantly acquired HIV through heterosexual transmission, or specifically on nonwhite people.
The aim of this study, therefore, was to evaluate the presence and extent of autonomic dysfunction in African HIV seropositive patients, compared with age and sex matched seronegative controls, and to correlate the dysfunction with stage of HIV infection.
Subjects and methods

SUBJECTS
Twenty five adult patients (13 male and 12 female) were recruited from a population of HIV infected patients who attended the Aga Khan Hospital, Nairobi, Kenya, between August 1994 and December 1994. Age and sex matched controls were recruited from outpatient clinics or were medical staV at the hospital. For HIV positive patients that were recruited from the wards, we recruited the appropriate seronegative controls from the wards. All ward patients and controls were recruited immediately before discharge. All patients and controls were of native African origin but were not from a single tribe. Testing for HIV antibody 1 and 2 had been performed on each patient using enzyme linked immunosorbent assay (ELISA) and confirmed by western blot at the laboratory of the Aga Khan Hospital. All controls had been confirmed HIV antibody negative by ELISA within the preceding year.
All patients and controls were afebrile and did not appear clinically dehydrated. None of the subjects was malnourished as assessed by body mass index (BMI). Autonomic function tests were not carried out on any patient or control who was acutely ill. Any subject being treated for, or with, tuberculosis or diabetes mellitus, alcoholism, multiple system atrophy, and other disorders known to aVect the autonomic nervous system, were excluded. It was not possible to undertake routine chest x rays or fasting blood glucose/glucose tolerance tests on patients and controls nor to perform TB smear/culture, for the purpose of the study. No patient or control had taken zidovudine, zalcitibine, didanosine, or vincristine, and none of the subjects was taking antihypertensive or antidepressant therapy (which may interfere with autonomic responses). Full blood count, urea, creatinine, and electrolyte levels were checked on each patient to exclude anaemia, dehydration, and adrenal insuYciency and CD4 and CD8 cell counts were performed. Of the 25 HIV positive patients, one acquired HIV infection via a blood transfusion and 24 through heterosexual intercourse. Seven patients had asymptomatic HIV infection, eight had AIDS related complex (ARC) and 10 had AIDS.
Methods
Detailed clinical histories were taken from each patient and a review of their case notes performed.
Clinical examination of the nervous system was performed by one investigator.
Ethical approval was obtained both in Kenya and in England. Informed consent was obtained from the patients and controls after appropriate explanation of the testing procedure. An interpreter was available for those who did not speak English.
AUTONOMIC FUNCTION TESTING
On the day of testing, patients and controls were instructed not to ingest tobacco or caVeine containing products. Blood pressure was measured non-invasively using a Digital Electronic BP monitor Model DS-105E and heart rate was measured using an electrocardiograph machine (Logos 8821 EKG). The time interval between two successive R waves was measured manually using a "R-R Ruler" which translated the distance into heart rate. All subjects were given suYcient time to reach baseline values before autonomic tests were performed. The methods used were similar to those used for assessing diabetic autonomic neuropathy by Ewing and Clarke 8 and Bennett et al 9 and comprised: + R-R interval variability during quiet standing:
The mean heart rate was calculated as the average of the longest and shortest R-R interval.
+ R-R interval variability during supine rest:
The above measurements were repeated with the patient supine. These were used as resting heart rate values. + Heart rate variation with a single deep breath:
The seated subject was asked to inhale deeply and hold for 10 seconds. Heart rate was recorded 2 minutes before, during, and 2 minutes after the exercise. The longest R-R interval during, and the shortest R-R interval after, inhalation was determined.
The heart rate at exhalation divided by the heart rate at inspiration (the E:I ratio) was calculated. The diVerence in heart rate between the slowest heart rate at inspiration divided by the fastest after, was also calculated. + Valsalva manoeuvre: The seated subject was asked to exhale for 15-20 seconds against a resistance of 40 mm Hg in an open loop system. The blood pressure during and immediately after the Valsalva manoeuvre was measured. Patients were carefully observed to ensure that spurious Valsalva manoeuvres were not performed. The Valsalva ratio, the ratio of the maximum heart rate during the expiratory phase to the minimum heart rate during the relaxation phase (within 20 beats), was calculated. The diVerence between the maximum heart rate during the Valsalva manoeuvre and the minimum after the Valsalva manoeuvre was also calculated. + Isometric exercise: The subject was instructed to squeeze a handgrip dynamometer for 3 minutes. The shortest R-R interval during the exercise and the longest R-R interval while relaxed (within five beats) was determined. + Cold face test: Ice cubes were placed in a polythene bag and placed on the subject's forehead for 3 minutes. The longest R-R interval during the cold stimulus and the shortest before, was measured. + Assessment of response to mental stress: The shortest R-R interval and the longest (within 5 beats) after the stress, was calculated. + Blood pressure variability: The blood pressure was recorded. The diVerences in systolic and diastolic pressure between standing and lying were calculated.
STATISTICAL ANALYSIS
Initial comparisons of test results across all four diagnostic groups (controls, asymptomatic HIV, ARC, AIDS), were examined by one way analysis of variance; significant diVerence across these groups are indicated by 2 . Variables were considered to be significantly diVerent if p <0.05.
Results
Twenty five HIV infected individuals and 25
HIV negative controls were assessed. The mean age of patients was 38 years (range 26-58 years) and of controls was 38.12 years (range 26-60 years). Of the 25 patients, 10 had a CD4 count less that 200×10 6 /l. On tests of heart rate variation, four patients (one asymptomatic, one ARC, two AIDS) had abnormal responses to four tests, two patients to three tests (one asymptomatic, one AIDS), six to two tests (one asymptomatic, four ARC, one AIDS), and nine to one test (four asymptomatic, two ARC, three AIDS). Only four patients (one ARC, three AIDS) had normal results. One control (number 21) had an abnormal Valsalva ratio. Patients were significantly more likely to have at least one abnormal result compared with controls (p<0.0001). There were significant diVerences between AIDS patients and controls for supine heart rate (p<0.001), Valsalva ratio (p = 0.05), heart rate changes with cold face test (p = 0.05), and almost significant for mental stress (p = 0.051). For diVerence in heart rate on deep breathing there was a trend for worsening autonomic function from asymptomatic disease to AIDS, although this did not reach statistical significance.
Some patients with HIV and ARC had an exaggerated autonomic response on exercise suggesting autonomic hypersensitivity.
There were no significant blood pressure changes between standing and lying or on the Valsalva manoeuvre, although there was a trend for a higher change in blood pressure in patients compared with controls, possibly due to autonomic hypersensitivity. Abnormal tests of heart rate variation occurred at all levels of CD4 count but all patients with four or more abnormal results had a CD4 count of <300 ×10 6 /l. Of the eight patients with the highest abnormal autonomic test scores, only two had clinical evidence of peripheral or central nervous system involvement.
Discussion
This study adds to the accumulating evidence that HIV aVects autonomic nerves and this may explain some of the clinical features of AIDS. Exclusion criteria were strict. Patients with tuberculosis were ineligible as it may cause adrenalitis, and medications used for its treatment can lower blood pressure and cortisol levels (rifampicin) or cause polyneuritis (isoniazid). No patients were underweight, therefore malnutrition could not be a cause of their dysautonomia. Also on questionnaire analysis, fewer of the patients drank alcohol compared with controls (p=0.02) (unpublished data) thus excluding alcohol as a contributing factor.
Although the numbers were small, we have demonstrated significant abnormalities in autonomic function between controls and patients, using basic cardiovascular reflex tests which have well been validated. 8 9 Newer techniques for measuring autonomic function are more sophisticated and include computer analysis of the data. This project was performed in a resource-poor country where access to specialised equipment, for measuring autonomic function and computer analysis of it, was not available. Although the abnormalities in autonomic function did not correlate with signs of HIV associated neurological disease in our study as assessed by clinical examination, nerve conduction studies were not performed.
Autonomic abnormalities were particularly apparent in the tests for heart rate variation (mediated by the vagal nerve), such as the expiratory:inspiratory ratio, the Valsalva ratio, and cold face and mental stress tests.
We found that patients with AIDS had a significantly higher heart rate compared with other groups, a feature commonly observed in diabetic patients with autonomic neuropathy which is thought to represent unopposed cardiac sympathetic activity. 10 This was in the absence of evidence of dehydration, cardiac failure, or anaemia to account for it. Although subclinical myocardial dysfunction or myocarditis has been observed in HIV infection 11 and could cause a resting tachycardia we cannot exclude this possibility, nor were synacthen tests carried out to exclude adrenal insuYciency, which is common in HIV infection. 12 The most pronounced abnormalities were found in patients with AIDS, but across groups there was a trend towards increasing autonomic dysfunction, from asymptomatic HIV disease to AIDS, and individual test results show gross abnormalities in patients with asymptomatic HIV (n=1), ARC (n=3) and AIDS (n=4). This shows that dysfunction can occur at any stage of the disease.
Several patients in the HIV and ARC group showed exaggerated normal responses to exercise, and in the HIV group they showed similar exaggerated response to mental stress. It has been suggested that there may be a transient appearance of hyperactive autonomic responses occurring over weeks to months, in patients with autonomic degeneration. This phenomenon has been attributed to denervation supersensitivity, and the exaggerated, normal responses observed in several ARC and HIV patients may reflect this phenomenon.
No significant changes in blood pressure were observed in this study but immediate orthostatic changes in blood pressure were not assessed. If they had been they may well have been abnormal as a questionnaire found a significant proportion of the HIV patients felt dizzy on standing up compared with controls (p=0.0006) (unpublished data).
Previous clinical studies have shown both positive and negative results. [13] [14] [15] Freeman et al 13 demonstrated significant abnormalities in autonomic function between 22 controls and 26 HIV positive patients (18 AIDS, eight ARC), measured by multiple tests of the autonomic nervous system, including haemodynamic response to tilting and standing.
Scott et al 14 carried out sequential autonomic function tests on 22 patients (13 asymptomatic, seven persistent generalised lymphadenopathy, two Kaposi's sarcoma) but found evidence of autonomic abnormalities in only one subject who also had AIDS related dementia.
Villa et al 15 studied 10 male and five female drug addicts, 10 of whom were HIV positive. (CDC group II (one), group III (five), group IVa (four). They measured the R-R interval variation during deep breathing and found that two were abnormal (CDC group III), suggesting that autonomic neuropathy could be an early indicator of HIV related neurological involvement. A study on 40 male HIV positive homosexuals found evidence of autonomic dysfunction in 15, but 11 were recruited
